Centrosome mutations associated with microcephaly are normally thought to result in loss-of-function phenotypes. A new study shows, however, that mutations found in the human microcephaly STIL gene cause centrosome amplification, suggesting a direct link between the presence of extra centrosomes and the establishment of this disease.
Primary recessive microcephaly is a human neurodevelopmental disorder caused by parental consanguinity [1, 2] . Microcephaly is characterised by proportionate brain size reduction at birth and mild to severe mental retardation. So far, ten different microcephaly loci have been identified and, remarkably, most of these mutations are found in genes encoding either centrosomal proteins/regulators or proteins associated with the poles of the mitotic spindle.
The centrosome is the major microtubule-organising centre of animal cells and is composed of a pair of centrioles surrounded by a proteinaceous matrix -the pericentriolar material (PCM). Most cells in our body contain either one or two centrosomes according to their cell-cycle stage. A highly regulated centrosome duplication mechanism maintains normal centrosome numbers during the cell cycle. Centrosome duplication takes place only once during each cell cycle, normally during G1 or S phases, when one nascent procentriole is nucleated perpendicularly to each pre-existing centriole, also named the mother centriole. Procentriole elongation takes place during S and G2 phases, so that just before mitosis the now mature daughter centriole has reached the size of the mother centriole.
Centrosome proteins implicated in microcephaly participate at different steps of centrosome biogenesis, such as centriole duplication, PCM recruitment and spindle pole organisation. These findings suggest that the cause of brain size reduction might not be the same in all microcephaly families. At this point, it is now important to investigate the consequences of each microcephaly mutation during the centrosome cycle and then how these mutations impact neural stem cell divisions and consequently neurodevelopment.
In this issue of Current Biology, Arquint and Nigg [3] investigated the cell-cycle regulation of the STIL protein, which has a role in microcephaly. STIL was initially implicated in lymphoblastic leukemia [4] and later identified as a protein involved in centriole duplication [5] [6] [7] . STIL localises to the proximal end of the nascent procentriole [6] [7] [8] and, as with Plk4, the master centriole duplication kinase [9, 10] , depletion of STIL blocks centriole duplication, while its overexpression results in the generation of extra centrosomes, an event also known as centrosome amplification [5] [6] [7] . In addition, STIL forms a complex with CPAP, another microcephaly-associated centriole duplication factor, and this interaction is essential for procentriole assembly [5, 11] .
To study the cell-cycle regulation of STIL, Arquint and Nigg followed the dynamics of EGFP-tagged STIL proteins in U2OS cells using time-lapse spinning-disc microscopy. Two STIL pools were readily identified: one, associated with the centrosome, rapidly disappeared at the beginning of mitosis; the other was found in the cytoplasm and disappeared later at anaphase onset. These results reveal the existence of two cellular pools of STIL protein, the stability of which is differentially regulated (Figure 1) .
Given that the dissociation of STIL from the centrosomes took place during nuclear envelope breakdown, when cyclin-dependent kinase 1 (Cdk1) is already active, the authors tested a possible role for this kinase in STIL dissociation. In the presence of two different Cdk1 inhibitors, they found that STIL remained associated with the centrosome, indicating that Cdk1 activity triggers STIL dissociation from the centrosome in early mitosis ( Figure 1 ).
Importantly, STIL co-localises at the proximal region of nascent procentrioles with SAS-6 [5, 6, 8, 12] , a key protein in centriole assembly [13] . Through homodimerisation and subsequent oligomerisation, SAS-6 establishes the nine-fold symmetry of the cartwheel [14, 15] , the earliest identifiable structure of the nascent procentriole. Interestingly, in vertebrate cells, this structure is maintained throughout centriole elongation until the following mitosis, when it disassembles via an as yet poorly understood process. Just like STIL, SAS-6 also dissociates from the centrosome at the beginning of mitosis [16] . Arquint and Nigg [3] have now shown that STIL seems to leave the centrosome earlier than SAS-6 and that, by late prometaphase, most centrosomes no longer contain these proteins. All together, these results suggest that STIL might stabilise SAS-6 at the cartwheel and that Cdk1-dependent removal of STIL might induce SAS-6 dissociation. Moreover, these results raise the attractive hypothesis that Cdk1 activity triggers cartwheel disassembly through STIL phosphorylation. It will be important in the future to identify which of the many (w24) putative Cdk1 phosphorylation sites in STIL are phosphorylated in order to trigger STIL dissociation from the centrosome in early mitosis.
It has been previously shown that STIL levels are regulated by proteasome activity at the end of mitosis [7] . APC/C [17] was identified as the E3 ubiquitin ligase that ubiquitinates STIL, but the motif involved in APC/C binding was not known [7] . Using various STIL truncations, Arquint and Nigg [3] found that the domain involved in the regulation of STIL levels resides in the carboxyl terminus of the protein, which contains two APC/C recognition motifs -a D-box and a KEN box. Further experiments showed that the most carboxy-terminally localised box, the KEN box, is the critical motif recognised by APC/C at the end of mitosis. Thus, STIL levels in the cytoplasm are regulated by APC/C-mediated ubiquitination and subsequent degradation by the proteasome (Figure 1) .
The findings reported in this study are quite relevant within the context of microcephaly. Two truncating mutations have been previously identified in STIL patients [18] . These mutations (here generally referred to as STIL T ) lead to the formation of a premature stop codon that removes the last 69 amino acids of STIL, a region including the KEN box. Furthermore, expression of STIL T versions results in the stabilisation of STIL levels in the cytoplasm (Figure 1 ). Importantly, STIL T proteins were correctly recruited to the centrosome and dissociated from the centrosome in a similar manner as full-length STIL (STIL FL ; Figure 1 ). Both STIL FL and STIL T were also equally functional in promoting centriole assembly, indicating that removal of the last 69 residues did not impair STIL function. Remarkably, however, STIL T expression resulted in centrosome amplification, suggesting that at least two of the four STIL mutations found in microcephaly patients cause centrosome amplification.
Microcephaly-associated mutations in centrosomal proteins are normally thought to represent loss-of-function mutations that impair centrosome assembly or function. A recent study showed that centrosome amplification in the mouse brain, resulting from Plk4 overexpression, caused microcephaly due to the generation of aneuploid neural stem cells that were eliminated by p53-dependent apoptosis during embryogenesis [19] . Neural stem cell loss depleted the neural stem cell pool and reduced brain size at birth. However, since no microcephaly-associated Plk4 mutations have so far been described in humans, a true causative relationship between centrosome amplification and microcephaly in humans was not established. In this new study, however, Arquint and Nigg [3] show that two truncating STIL mutations identified in microcephaly patients cause centrosome amplification by stabilising cytoplasmic STIL, thereby strengthening the view that centrosome amplification and the inherent defects in cell division represent the basis of a human neurodevelopmental disorder.
It will be important in the future to identify the consequences of specific microcephaly mutations found in other centrosomal proteins in order to understand how they deregulate the centrosome duplication cycle. (Top) A centrosome comprises two centrioles. The daughter (D) centriole contains a cartwheel while in the mother (M) centriole this structure has disassembled in the previous cell cycle. At the beginning of mitosis, STIL localises to the proximal region of the daughter centriole (dark orange) and to the cytoplasm (background light orange). In the presence of active Cdk1, STIL is phosphorylated (P) and leaves the centrosome to re-localise to the cytoplasm (dark orange droplets). At the metaphase-anaphase transition the E3 ligase APC/C becomes active and ubiquitinates cytoplasmic STIL, which causes its degradation by the proteasome (yellow pacman). After centriole disengagement (not shown), each daughter cell contains two centrioles ready to undergo a new round of duplication. In G1, STIL is recruited to the proximal end of the nascent procentriole (dark orange) and STIL accumulates in the cytoplasm just before the following mitosis. (Bottom) Microcephaly-associated STILtruncating mutations (STIL T ) remove the carboxy-terminal KEN box recognised by the APC/C. Even if STIL T can be phosphorylated and leave the centrosome to accumulate in the cytoplasm in a timely manner, it can no longer be degraded by the proteasome. High levels of STIL then promote the generation of additional procentrioles next to each mother centriole, which causes centrosome amplification.
Fertilization: A Sticky Sperm Protein in Plants
During fertilization in eukaryotes, gametes of the opposite sex undergo a complex series of interactions that culminate in cell fusion. A new study on gamete interaction in plants has identified the first protein in multicellular organisms shown by gene disruption to be essential for gamete membrane adhesion.
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Fusion of the plasma membranes of gametes is among the most species-specific events in evolution and is likely an important component of speciation. Fusion of lipid bilayers is not a simple task and the evidence to date indicates that nature has invented membrane fusion only a limited number of times [1] . So many species, so few fusion proteins! Discerning the evolutionary solution to this conundrum has been difficult because of the dearth of proteins shown by gene disruption to be essential for gamete fusion. Only two metazoan proteins have been shown by in vitro assays to be involved directly in sperm2egg plasma membrane interactions and by gene disruption to be essential for fertilization: the hydrophobic tetraspanin family member CD9 that is expressed on mouse eggs (and several other cell types) [2] [3] [4] and the plasma membrane protein IZUMO1 expressed on mouse sperm [5] . CD9 likely plays a relatively non-specific, facilitative role in fusion, and the step in the membrane fusion reaction that requires IZUMO1 (whose presence is limited to vertebrates) is uncertain [6] .
The identification a few years ago of the broadly conserved GENERATIVE CELL SPECIFIC 1/HAPLESS 2 (GCS1/ HAP2) family of gamete-specific proteins finally offered a potential solution to the above puzzle. HAP2/ GCS1, first reported as a male sterility gene, encodes a sperm protein essential for fertilization in Arabidopsis [7, 8] . Studies of fertilization in two protists that also express HAP2/GCS1, Chlamydomonas and Plasmodium demonstrated that gamete membrane adhesion and membrane fusion are distinct molecular events in the membrane fusion reaction. Moreover, it was shown that species specificity during fertilization in the two unicellular organisms derived from species-specific membrane adhesion [9, 10] . HAP2/GCS1 is essential for gamete fusion at a step after membrane adhesion in both organisms. Exciting new work published recently in Current Biology has now shown that gametes in hap2/gcs1 mutants of Arabidopsis are fully capable of membrane adhesion [11] . Moreover, studies on mutants defective in the sperm protein GEX2 showed that it is involved in membrane adhesion, thus becoming the first protein in multicellular organisms shown by gene disruption to function in gamete interactions before membrane merger, and showed that it indeed undergoes rapid evolution.
In contrast to most metazoans and protists, fertilization in flowering plants (angiosperms) seems almost unduly complicated. First, the sperm are immotile, and must be delivered to the female ovule by the pollen tube. And, plants actually do it in duplicate. Pollen tubes deliver a pair of sperm cells inside each ovule, and each ovule contains two female gametes. The outcome is a double fertilization event. Thus, tightly coordinated gamete interaction mechanisms are required to ensure fusion of one sperm cell with the egg cell and fusion of the second sperm cell with the central cell [12, 13] . In spite of this complexity, and in spite of the major challenges to investigating plant gamete interactions in vitro, our understanding of cellular and molecular mechanisms of plant fertilization has begun to mature in the past few years, and now surpasses that of metazoans. For example, although HAP2/GCS1 was known to be essential for sperm2egg fusion in Arabidopsis, it was not clear how it could function in the membrane fusion reaction, as HAP2/GCS1 in sperm in the pollen tube is sequestered in the endomembrane system and
